CP violation in selectron cascade decays e_L -> e X_2^0 -> e X_1^0 mu+
  mu- by Aguilar-Saavedra, J. A.
ar
X
iv
:h
ep
-p
h/
04
03
24
3v
2 
 2
8 
Ju
n 
20
04
hep-ph/0403243
Marh 2004
CP violation in seletron asade deays
e˜L → eχ˜
0
2
→ eχ˜0
1
µ+µ−
J. A. AguilarSaavedra
Departamento de Físia and GTFP,
Instituto Superior Ténio, P-1049-001 Lisboa, Portugal
Abstrat
Seletron deays onstitute a soure of 100% polarised neutralinos, whose
heliity is xed by the harge and hirality of the deaying seletron. In SUSY
senarios where the seond neutralino χ˜02 has three-body deays, the asade
deay e˜L → eχ˜02 → eχ˜01µ+µ− provides a lean plae to study CP violation in the
neutralino setor, through the analysis of CP-violating asymmetries involving
the χ˜02 spin ~s and the momenta of the two muons. We show that a CP-violating
asymmetry in the triple produt ~s · (~pµ− × ~pµ+) ould be observable at a 800 GeV
linear ollider provided the gaugino massM1 has a large phase at the eletroweak
sale.
1 Introdution
Supersymmetri theories [13℄ are perhaps the best motivated extensions of the stan-
dard model (SM). If supersymmetry (SUSY) is realised in nature it must be broken,
possibly at a relatively low energy sale. SUSY-breaking interations are usually as-
sumed to be avour-blind, at least approximately. Otherwise, they would lead to una-
eptable rates for avour-hanging neutral urrents. Analogously, large phases in the
SUSY-breaking terms of the Lagrangian give supersymmetri ontributions to eletri
dipole moments (EDMs) far above present limits. For a relatively light SUSY spetrum,
the only solutions to overome this problem are, either assume that all SUSY-breaking
parameters have very small phases (or are real), or to arrange anellations among the
dierent ontributions to EDMs to satisfy experimental limits [46℄.
Although the assumption that SUSY-breaking terms are real is oneptually simpler
and more attrative, the possibility of large phases and apparently ne-tuned internal
anellations must not be disarded. Indeed, in quantum eld theory the Lagrangian
parameters are omplex in general, unless there is some argument (e.g. hermitiity of
1
the Lagrangian or some symmetry) requiring them to be real. Thus, setting the phases
of SUSY-breaking terms to zero by hand may also be regarded as ne tuning, in the
absene of a symmetry priniple to explain why these terms must be (approximately)
real. The possibility of large SUSY CP-violating phases makes ompulsory to explore
their eets in phenomenology, in order to nd out their presene and determine their
magnitude.
In this Letter we are interested in the diret observation of CP violation due to
supersymmetri CP phases, rather than in their eet in CP-onserving quantities
suh as ross setions and deay widths (see for instane Refs. [710℄). We restrit
ourselves to the minimal supersymmetri standard model and fous on the neutralino
setor, studying CP asymmetries in the asade deay e˜±L → e±χ˜02 → e±χ˜01µ+µ−. The
χ˜02 produed in e˜
±
L deays are 100% polarised, having negative heliity in e˜
−
L → e−χ˜02
and positive heliity in e˜+L → e+χ˜02. Having perfet χ˜02 polarisation is obviously a
great advantage for the study of angular orrelations involving the χ˜02 spin [11℄, and in
partiular for the study of CP asymmetries. Seletrons will be disovered at LHC [12℄
if they have masses of a few hundred GeV, but the large bakgrounds present make it
impossible a detailed study of their properties, whih must be arried out at a e+e−
ollider. Therefore, as soure for left seletrons we onsider e˜Le˜L and e˜Re˜L prodution
in the proesses
e+e− → e˜+L e˜−L → e+χ˜01e−χ˜02 → e+χ˜01e−χ˜01µ+µ− ,
e+e− → e˜+L e˜−L → e+χ˜02e−χ˜01 → e+χ˜01µ+µ−e−χ˜01 ,
e+e− → e˜+R e˜−L → e+χ˜01e−χ˜02 → e+χ˜01e−χ˜01µ+µ− ,
e+e− → e˜−R e˜+L → e−χ˜01e+χ˜02 → e−χ˜01e+χ˜01µ+µ− . (1)
In these proesses all nal state momenta an be determined, and the seletron and
neutralino rest frames an be reonstruted [13℄, allowing the study of CP asymmetries
involving the χ˜02 spin ~s and the momenta of µ
+
, µ− in the χ˜02 rest frame. We do not
onsider e˜+Re˜
−
R prodution with one seletron deaying to eχ˜
0
2, beause the branhing
ratio of this deay is very small in general. We disuss SUSY senarios where the seond
neutralino has three-body deays, in whih ase it is possible to have a CP asymmetry
in the triple produt ~s · (~pµ− × ~pµ+) of order 0.1. In senarios with two-body deays
χ˜02 → χ01Z the asymmetry is of order 0.02, and when two-body deays to sfermions
dominate it is negligible. We onsider a CM energy ECM = 800 GeV, as proposed for
a TESLA upgrade. At this CM energy, the ross setions for e˜L prodution are higher
than at 500 GeV due to the smaller destrutive interferene between s- and t-hannel
2
ontributions and the larger phase spae available.
2 Deay of χ˜0
2
and CP asymmetries
The deays of the seond neutralino χ˜02 → χ˜01ff¯ are mediated by the Feynman diagrams
in Fig. 1. (The diagrams in Fig. 1b with neutral salars are negligible exept for
f = t, b, τ beause they are proportional to the fermion Yukawa ouplings.) In this
work we are interested in the nal state with f¯f = µ+µ−, in whih the energies,
momenta and harge of both partiles an be measured. The deay hannel with
f¯f = e+e− shares these properties, but the multipliity of eletrons in the nal state
makes it diult to identify the ones resulting from the χ˜02 deay. The b¯b nal state
is also interesting for its large branhing ratio, but the b tagging eieny redues the
signal to the same ross setion of the µ+µ− hannel.
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Figure 1: Feynman diagrams for the deay χ˜02 → χ˜01ff¯ , mediated by Z bosons (a),
neutral Higgs bosons (b), and salar fermions ( and d).
We onsider SUSY senarios where the seond neutralino has three-body deays.
This happens when all sleptons are heavier than χ˜02 and mχ˜02 < MZ +mχ˜01 . For de-
niteness, we hoose a senario similar to SPS1a in Ref. [15℄ but with a heavier sfermion
spetrum and omplex phases in M1 and µ. In this senario χ˜
0
1 and χ˜
0
2 are gaugino-
like. The low-energy parameters (at the sale MZ) most relevant for our analysis are
olleted in Table 1. For φ1 = φµ = 0, these parameters approximately orrespond
3
to m1/2 = 250 GeV, mE˜ = mL˜ = mHi = 200 GeV, AE = −200 GeV at the uni-
ation sale, and tanβ = 10. We use SPheno [14℄ to alulate spartile masses and
mixings, as well as some deay widths. Neutralino masses slightly depend on φ1 and
φµ. For φ1 = φµ = 0 they are mχ˜0
1
= 99 GeV, mχ˜0
2
= 178 GeV, mχ˜0
3
= 384 GeV,
mχ˜0
4
= 400 GeV, mχ˜−
1
= 177 GeV, and for other values of φ1 they dier up to ±2
GeV. The relevant branhing ratios (taking φ1 = φµ = 0) are Br(e˜L → e χ˜01) = 0.18,
Br(e˜R → e χ˜01) = 0.998, Br(e˜L → e χ˜02) = 0.30, Br(χ˜02 → χ˜01µ+µ−) = 0.035.
Parameter Value
M1 102.0 e
iφ1
M2 192.0
µ 377.5 eiφµ
tan β 10
me˜R , mµ˜R 224.0
me˜L , mµ˜L 264.5
mν˜e 252.4
Table 1: Low-energy parameters (at the sale MZ) for the SUSY senario used. The
dimensionful parameters are in GeV.
CP violation in the neutralino mixing matrix arises when the phases of M1 and/or
µ are dierent from 0, π. These phases generally lead to large supersymmetr on-
tributions to EDMs. If the squark spetrum (whih does not play any role in our
analysis) is heavy enough, experimental limits on the neutron and Merury EDMs are
satised. On the other hand, for the values for seletron masses under onsideration,
the experimental bound on the eletron EDM de imposes a severe onstraint on the
allowed region in the (φ1, φµ) plane. Using the expressions for de in Ref. [16℄, we nd
that for eah φ1 between 0 and 2π there exist two narrow intervals for φµ (one with
values φµ ∼ 0 and the other with values φµ ∼ π) in whih the neutralino and hargino
ontributions to de anel, resulting in a value ompatible with the experimental limit
d expe = (0.079±0.074)×10−26 e m [17℄. (For instane, for φ1 = π/2 we nd φµ ≃ −0.12
or φµ ≃ 3.21.) Therefore, in priniple it is possible to have any phase φ1, though with
a strong orrelation with φµ. Of ourse, if φ1 and φµ are experimentally found to be
non-vanishing, a satisfatory explanation will be neessary for this orrelation, whih
apparently would be a ne tuning of their values [18℄.
Let us disuss whih asymmetries may be dened in the χ˜02 deay. In the χ˜
0
2 rest
4
frame, the deay looks as depited in Fig. 2, with ~s the χ˜02 spin and the 3-momenta in
obvious notation. Under CP, the spin and momenta transform as:
~s→ ~s , ~pµ+ → −~pµ− , ~pµ− → −~pµ+ , ~pχ˜0
1
→ −~pχ˜0
1
. (2)
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Figure 2: Shemati piture of the χ˜02 deay in its rest frame.
Using these vetors, we an build the CP-odd quantities
Q1 = ~s · (~pµ− × ~pµ+) ,
Q2 = ~s · (~pµ− + ~pµ+) . (3)
Several other CP-odd quantites an also be onstruted involving higher powers of the
momenta or using the energies, e.g. we an dene Q3 = (Eµ− −Eµ+), whih is also odd
under CP. For Q1−3 we onstrut the asymmetries
Ai ≡ N(Qi > 0)−N(Qi < 0)
N(Qi > 0) +N(Qi < 0)
, (4)
where N denotes the number of events. Sine χ˜02 and χ˜
0
1 are Majorana partiles, these
asymmetries must vanish if CP is onserved. Hene, they are genuine signals of CP
violation. We note that Q2,3 are even under naive time reversal T. This implies
that A2,3 need the presene of absorptive CP-onserving phases in the amplitude in
order to be nonvanishing [19℄. CP-onserving phases appear in loop diagrams with on-
shell propagators, through nal state interations or from the widths of intermediate
unstable partiles (the phases originated by partile widths are usually tiny). In χ˜02
deay, T-even asymmetries like A2,3 an result from the interferene of a dominant
tree-level and a subleading loop diagram mediating the deay and are expeted to be
small. On the other hand Q1 is T-odd, thus a relatively large asymmetry A1 an be
generated at the tree level, without the need of an absorptive phase. Our analysis is
entred in the asymmetry A1.
5
3 Generation of the signals
We alulate the matrix element for the resonant proesses in Eqs. (1) using HELAS [20℄,
so as to inlude all spin orrelations and nite width eets. The relevant terms of the
Lagrangian and onventions used an be found in Refs. [13, 33℄. We assume a CM
energy of 800 GeV, with e− polarisation Pe− = −0.8 and e+ polarisation Pe+ = 0.6,
and an integrated luminosity of 534 fb
−1
per year [21℄. Beam polarisation does not have
any eet on the asymmetries, whih are dened for e˜L deays independently of the
prodution mehanism, but inreases the total signal ross setions. In our alulation
we take into aount the eets of initial state radiation (ISR) [22℄ and beamstrahlung
[23,24℄. For the latter we use the design parameters Υ = 0.09, N = 1.51 [21℄.1 We also
inlude a beam energy spread of 1%.
In order to simulate the alorimeter and traking resolution, we perform a Gaussian
smearing of the energies of eletrons (e) and muons (µ) using the speiations in the
TESLA Tehnial Design Report [25℄
∆Ee
Ee
=
10%√
Ee
⊕ 1% , ∆E
µ
Eµ
= 0.02%Eµ , (5)
where the energies are in GeV and the two terms are added in quadrature. We apply
detetor uts on transverse momenta, pT ≥ 10 GeV, and pseudorapidities |η| ≤ 2.5,
the latter orresponding to polar angles 10◦ ≤ θ ≤ 170◦. We also rejet events in whih
the leptons are not isolated, requiring a lego-plot separation ∆R =
√
∆η2 +∆φ2 ≥
0.4. We do not require spei trigger onditions, and we assume that the presene
of harged leptons with high transverse momentum will sue. For the Monte Carlo
integration in 8-body phase spae we use RAMBO [26℄.
The reonstrution of the nal state momenta is done with the proedure desribed
in detail in Ref. [13℄, with some modiations. In general, it is neessary to have as
many kinematial relations as unknown variables in order to determine the momenta
of the undeteted partiles. In our ase, there are 8 unknowns (the 4 omponents
of the two χ˜01 momenta) and 8 onstraints. These are derived from energy and mo-
mentum onservation (4 onstraints), from the fat that the two χ˜01 are on shell (two
onstraints), from the kinematis of the deay of the χ˜02 (one onstraint). The last on-
straint omes from the hypothesis that in e+e− ollisions two partiles are produed,
either with the same mass or having a squared mass dierene equal tom2e˜L−m2e˜R . The
reonstrution is attempted for both ases, onsidering dierent eetive CM energies
1
The atual expressions for ISR and beamstrahlung used in our alulation an be found in Ref. [13℄.
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Eeff < ECM (to partially take into aount ISR and beamstrahlung eets), seleting
the one whih gives reonstruted seletron masses losest to their atual values whih
an be measured in other proesses [2730℄. If the event does not reasonably t into
any of the two possibilities, it is disarded. The identiation of e˜Le˜L versus e˜Re˜L
prodution is suessful in most ases, with a good tagging 80% of the time for e˜Le˜L
and 70% for e˜Re˜L. We note that these proesses are topologially very similar, being
the only dierene the seletron energies in CM frame (and thus the magnitude of their
3-momentum). In the former proess, both seletron energies are 400 GeV, whereas in
the latter they are 412 GeV for e˜L, 388 GeV for e˜R.
The reonstrution proedure determines the momenta of the two unobserved χ˜01,
identifying for e˜+L e˜
−
L whether the seletron pair has deayed in the hannel e˜
+
L → e+χ˜01,
e˜−L → e−χ˜02 → e−χ˜01µ+µ− or, on the ontrary, in the hannel e˜+L → e+χ˜02 → e+χ˜01µ+µ−,
e˜−L → e−χ˜01. The knowledge of all nal state momenta, as well as the identiation of
the partiles resulting from eah deay, allows us to onstrut various mass, angular
and energy distributions [11℄, and in partiular the determination of the seletron and
χ˜02 rest frames. In eah event, the χ˜
0
2 spin diretion ~s an be found as follows: If the χ˜
0
2
results from the deay of a e˜−L , it has negative heliity, so its spin diretion is ~s = −~p,
with ~p the χ˜02 momentum in the e˜
−
L rest frame. If the χ˜
0
2 results from the deay of a
e˜+L , it has positive heliity and its spin diretion is ~s = ~p, with ~p the χ˜
0
2 momentum in
the e˜+L rest frame.
Finally, it is neessary to disuss the possible SM and SUSY bakgrounds to our
signal. The relevant SUSY bakgrounds are sneutrino and χ˜02 pair prodution, in the
deay hannels
e+e− → ν˜∗e ν˜e → e+χ˜−1 e−χ˜+1 → e+χ˜01µ−ν¯µ e−χ˜01µ+νµ ,
e+e− → ν˜∗e ν˜e → e+χ˜−1 νe χ˜02 → e+χ˜01e−ν¯e νe χ˜01µ+µ− ,
e+e− → χ˜02χ˜02 → χ˜01e+e− χ˜01µ+µ− . (6)
In sneutrino pair prodution the χ˜−1 χ˜
+
1 deay hannel has a larger branhing ratio,
with Br(ν˜ → e−χ˜+1 ) = 0.52, Br(χ˜+1 → χ˜01e+ν) = 0.1, while for the the χ˜−1 χ˜02 mode
Br(ν˜ → νχ˜02) = 0.22, Br(χ˜02 → χ˜01µ+µ−) = 0.035. We have alulated the three
proesses in the same way desribed for seletron pair prodution, and inlude them in
our results. The ross setions of these bakgrounds turn out to be 4 times larger than
the signals, but an be redued with the reonstrution of the nal state momenta. The
reonstrution method applied for the signal partially eliminates the three bakgrounds.
The rst and third ones are further redued applying a reonstrution proedure spei
7
for eah ase (not disussed here for brevity) and requiring that signal and bakground
events do not have a kinematis similar to sneutrino or χ˜02 pair prodution.
2
This is
not possible for the seond bakground in Eq. (6) due to the dierent kinematis of
the proess. A ut requiring transverse energy HT > 200 GeV is applied as well. Other
SUSY bakgrounds like e+e− → χ˜±1 χ∓2 → χ+1 χ−1 Z → e+e−µ+µ−νν¯χ˜01χ˜01 (involving
several deay hannels whih lead to the same nal state of e+e−µ+µ− plus missing
energy and momentum) are muh smaller, with ross setions smaller than 0.01 fb.
The SM bakground is given by six fermion prodution e+e− → e+e−µ+µ−νν¯. Its
ross setion is below 0.3 fb [31℄ and with kinematial uts an be eliminated more
easily than SUSY bakgrounds.
4 Numerial results
We rst examine the possible values that this asymmetry may take in onnetion with
EDM onstraints. In Fig. 3 we show its dependene on the two phases φ1, φµ (these
plots are alulated with the Monte Carlo desribed in last setion, but assuming perfet
momenta reonstrution and partile identiation, and without any kinematial nor
detetor uts). For φ1 suiently large A1 reahes values of ±0.13, while for φ1 = 0 the
asymmetry is negligible independently of φµ.
3
The dependene of the ross setion on
these two phases is plotted in Fig. 4. Our approah is then as follows: for eah value
of φ1, we know from the disussion in Setion 2 that there is an allowed interval of φµ
(whih we may take with |φµ| . 0.12) in whih the eletron EDM does not exeed the
experimental bound. We then alulate A1 for this φ1, but taking φµ = 0, sine the
asymmetry is almost independent of the latter phase and the eet on the ross setion
is also rather small for |φµ| . 0.12.
The ross setions for φ1 = 0 of the dierent proesses in Eqs. (1,6) are olleted
in Table 4, before and after nal state momenta reonstrution and kinematial uts.
All gures inlude the various orretions disussed in the previous setion. The reon-
strution of the signal and bakgrounds allows us to redue the latter by a fator of 20,
2
In the χ˜−1 χ˜
+
1 hannel only the momenta of eah νχ˜
0
1 pair an be determined, but that is enough
to obtain the hargino and sneutrino momenta.
3
The main ontribution to the asymmetry omes from the interferene between the Z diagram in
Fig. 1a and the diagrams with µR exhange in Fig. 1 and 1d. We note that the Z ontribution alone
produes an asymmetry A1 = 0.021 without the need of interferene, but the asymmetry is muh
larger when the rest of diagrams are inluded.
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Figure 3: Theoretial value of A1 as a funtion of φ1, for φµ = 0 (a) and as a funtion
of φµ, for φ1 = 0 (b).
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Figure 4: Total ross setion (without ISR, beamstrahlung and beam spread eets,
and without any kinematial uts) as a funtion of φ1, for φµ = 0 (a) and as a funtion
of φµ, for φ1 = 0 (b).
while keeping 80% of the signal. We dene the normalised quantity Qˆ1 = ~s·(pˆµ− × pˆµ+),
using unit vetors in the diretion of the muon momenta, so that −1 ≤ Qˆ1 ≤ 1. The
kinematial distribution of Qˆ1 for the signals is shown in Fig. 5, taking φ1 = 0 and
φ1 = π/2. We have normalised the e˜
+
L e˜
−
L ross setions to unity, and the e˜
±
R e˜
∓
L ones to
1/3. In this plot we take into aount ISR, beamstrahlung, beam spread and detetor
eets. The Qˆ1 distribution already shows that the asymmetry is a real dynamial
eet and is not a fake asymmetry aused by detetor uts applied in phase spae.
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In our alulation we nd that for φ1 = π/2 the relative dierene between the phase
spae volumes of the two hemispheres (with Qˆ1 < 0 and Qˆ1 > 0) is negligible, of
3.1 × 10−4 for e˜+L e˜−L and 6.9 × 10−4 for e˜±Re˜∓L . We note that this is not the ase for
the asymmetry A2. Even in the CP-onserving ase with φ1 = 0 a fake asymmetry
A2 = −0.055 is generated just by phase spae uts, and might obsure the observation
of a real CP asymmetry, whih is expeted to be very small in this ase.
Before After
e˜+L e˜
−
L 0.21 0.18
e˜+R e˜
−
L 0.061 0.046
e˜+L e˜
−
R 0.027 0.021
ν˜∗ν˜ (χ˜−1 χ˜
+
1 ) 0.99 0.039
ν˜∗ν˜ (χ˜−1 χ˜
0
2) 0.24 0.011
χ˜02χ˜
0
2 0.11 0.0081
Table 2: Cross setions (in fb) before and after signal reonstrution and kinematial
uts of the proesses in Eqs. (1,6).
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Figure 5: Kinematial distribution of the normalised triple produt Qˆ1.
The dierene between the distributions for the two values of the phase is smaller for
the e˜Re˜L signals. This is beause the reonstrution proedure has a smaller eieny
for the orret identiation of e˜±Re˜
∓
L events, leading to a small washing-out of the
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asymmetry. For φ1 = π/2, we have for e˜
+
L e˜
−
L the value A1 = 0.110, while for e˜
+
Re˜
−
L
and e˜−Re˜
+
L we nd A1 = 0.098, A1 = 0.099, respetively. The total asymmetry A1 as a
funtion of φ1 is plotted in Fig. 6a, inluding the bakgrounds in Eqs. (6), whih have
vanishing CP asymmetry, as well as ISR, beamstrahlung, beam spread and detetor
eets. The shaded region represents the statistial error for two years of running, with
a luminosity of 534 fb
−1
per year. The ross setion also exhibits a strong dependene
on φ1, as an be observed in Fig. 6b. Nevertheless, the measurement of the ross setion
is not likely to provide any information on the phase φ1, due to the multiple theoretial
unertainties present regarding the neutralino mixing matrix, spartile masses, sale
dependene, et.
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0.1
0.2
A
1
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(a) (b)
Figure 6: (a) Asymmetry A1 as a funtion of the phase φ1. The shaded region represents
the statistial error for two years of running. (b) Total ross setion for e+e− →
e˜±L,Re˜
∓
L → e+e−µ+µ−χ˜01χ˜01 as a funtion of φ1. In both ases the bakgrounds from ν˜∗ν˜
and χ˜02χ˜
0
2 prodution are inluded.
5 Summary
In this work we have shown that a CP asymmetry in seletron asade deays e˜L →
eχ˜02 → eχ˜01µ+µ− an be observable in SUSY senarios where χ˜02 has three-body deays,
if there is a large nonzero phase φ1 in the gaugino mass M1. The key features for
the observation of the CP asymmetry are: (i) the neutralinos produed from seletron
deays are 100% polarised; (ii) all nal state momenta an be aurately reonstruted
in the proesses under onsideration; (iii) this reonstrution allows us to eliminate
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potentially dangerous bakgrounds.
In SUSY senarios with three-body deays of χ˜02, a sizeable e˜L prodution an only
take plae at a TESLA upgrade with a CM energy of 800 GeV. We have seleted one
of suh senarios, with χ˜01 and χ˜
0
2 gaugino-like, and shown that the CP asymmetry in
the triple produt ~s · (~pµ− × ~pµ+) ould be up to A1 = ±0.1 for large phases φ1 ≃ ±2.
These asymmetries ould be observable with 1.8 standard deviations after two years
of running with the proposed luminosity. It an also be seen that in similar senarios
where χ˜01 and χ˜
0
2 have larger Higgsino omponents the asymmetries ould be even larger,
and observable as well. The results here an be ompared with the CP asymmetry in
χ˜01χ˜
0
2 prodution [32℄ in the same SUSY senario. This analysis will be presented
elsewhere [33℄. In χ˜01χ˜
0
2 prodution, although the ross setion is muh higher, the
asymmetry is smaller and there are large bakgrounds that further redue it. The
maximum statistial signiane obtained for the asymmetry is 1.5 σ when φ1 = 3π/4.
At any rate these two proesses are omplementary, beause the asymmetries have
a dierent dependene on φ1 in eah ase. For instane, the CP asymmetry in χ˜
0
1χ˜
0
2
prodution almost vanishes for φ1 = π/2 and φ1 = 3π/2 [33℄, while in seletron asade
deays it is nearly maximal.
To onlude, we stress that the existene of CP-violating phases in SUSY-breaking
terms of the Lagrangian is still an open question. In this paper we have foused on
the phases φ1 and φµ of the parameters M1 and µ, respetively. Assuming a relatively
light SUSY spetrum there are two alternative possibilities to explain the unobserved
EDM of the eletron: either M1 and µ are approximately real or on the ontrary
they have large phases and there exist anellations between neutralino and hargino
ontributions to the eletron EDM. In this situation, the study of observables with a
dierent funtional dependene on φ1 and φµ, as the CP asymmetry investigated here,
is of great help in order to onrm one of the two hypotheses.
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